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The predicted Env protein of insect retroviruses (errantiviruses) is related to the envelope fusion protein of a major division of the
Baculoviridae. The highest degree of homology is found in a region that contains a furin cleavage site in the baculovirus proteins and an
adjacent sequence that has the properties of a fusion peptide. In this investigation, the homologous region in the Env protein of the gypsy
retrovirus of Drosophila melanogaster (DmegypV) was investigated. Alteration of the predicted DmegypV Env proteinase cleavage site from
RIAR to AIAR significantly reduced cleavage of Env in both Spodoptera frugiperda (Sf-9) and D. melanogaster (S2) cell lines. When the
predicted DmegypV Env cleavage site RIAR was substituted for the cleavage sequence RRKR in the Lymantria dispar nucleopolyhedrovirus
fusion protein (LD130) sequence, cleavage of the hybrid LD130 molecules still occurred, although at a reduced level. The conserved 21-
amino acid sequence just downstream of the cleavage site, which is thought to be the fusion peptide in LD130, was also characterized. When
this sequence from DmegypV Env was substituted for the homologous sequence in LD130, cleavage still occurred, but no fusion was
observed in either cell type. In addition, although a DmegypV-Env-green fluorescent protein construct localized to cell membranes, no cell
fusion was observed.
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A variety of different viruses encode envelope fusion
proteins that are predicted to have similar structures and
therefore likely reflect a similar mode of function. These
include envelope fusion proteins from orthomyxoviruses,
paramyxoviruses, filoviruses, retroviruses (reviewed in Eck-
ert and Kim, 2001; Skehel and Wiley, 2000), and one group
of baculoviruses and insect retroviruses (Malik et al., 2000;
Rohrmann and Karplus, 2001). In all instances in which
they have been characterized, the fusion proteins of these
viruses contain a predicted N-terminal signal peptide and an
internal polybasic furin cleavage motif that often results in
the production of two major peptides. The C-terminal
product contains a fusion peptide sequence at or near its
amino terminus that is located upstream of the predicted0042-6822/$ - see front matter D 2004 Elsevier Inc. All rights reserved.
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E-mail address: rohrmanng@orst.edu (G.F. Rohrmann).alpha helical domains. These helical domains are thought to
form coiled-coil structures critical to the rearrangement of
the molecule during fusion of the virus envelope and host
cell membrane. Downstream of these structures is a trans-
membrane domain that is involved in anchoring the protein
to the viral envelope. Recently, a phylogenetic relationship
was documented between the baculovirus LD130 or F-type
fusion protein and the Env proteins of a group of insect
retroviruses (the errantiviruses) (Malik et al., 2000; Rohr-
mann and Karplus, 2001; reviewed in Pearson and Rohr-
mann, 2002). Phylogenetic analysis suggests that this group
of insect retroviruses originated when a retrotransposon
integrated into a baculovirus genome and incorporated a
baculovirus envelope fusion protein by a recombination
event (Malik et al., 2000).
Like many envelope fusion proteins, baculovirus LD130-
type proteins require cleavage to mediate low pH fusion
(Pearson et al., 2002a; Westenberg et al., 2002). Although
errantivirus Env proteins have a predicted furin cleavage site
homologous in location to those found in baculovirus
LD130-type proteins (Rohrmann and Karplus, 2001), cleav-
age at this site has not been demonstrated. Because the
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major role in the pathogenicity of viruses (reviewed in
Steinhauer, 1999), this site may play a role in the infectivity
of errantiviruses. To determine if this highly conserved
region is involved in cleavage and cell fusion, we investi-
gated whether the Env protein of the gypsy errantivirus of
Drosophila melanogaster (DmegypV) is cleaved at this site.
We also assayed Env proteins as well as hybrids of the
baculovirus fusion protein LD130 containing DmegypV-
Env fusion peptide sequences for their ability to mediate
fusion.Results
Mutagenesis of the gypsy Env cleavage site
Based on the alignment of errantivirus Env proteins and
baculovirus fusion proteins, it was predicted that the con-
served motif just upstream of the predicted fusion peptide
was a furin recognition sequence (Rohrmann and Karplus,
2001). In gypsy Env, this sequence is RIAR and begins at
amino acid #92 (Marlor et al., 1986). To determine if gypsy
Env was cleaved and if the predicted cleavage site was
involved in this process, we made a construct of gypsy Env
containing a C-terminal HA epitope (pgypEnv-HA) (Fig.
1B). In addition, we altered this construct by a single amino
acid in the predicted cleavage site (RIAR!AIAR). We
tested these constructs in both Spodoptera frugiperda-9
(Sf-9) and Drosophila (S2) cells (Fig. 1A). We found that
the wt sequence showed a band of about 48 kDa in addition
to the full-length sequence of 56 kDa (lanes 1 and 3). These
molecular masses are slightly larger than those predicted
from the sequence (Fig. 1B) and may reflect Env glycosyl-Fig. 1. Characterization of DmegypV Env cleavage. (A) Western blot of cleavage o
and S2 cells. Total cell extracts from approximately 1.5  105 Sf-9 cells or 5 
averages from duplicate transfections. Sizes of selected markers (prestained Bench
the major peptides are shown in the center. (B) Schematic map showing the pred
pGypEnv-HA-egfp. The map indicates the location of the following elements: sign
box), and the transmembrane domain (TM) (solid box). The predicted cleavage sation. (Experiments that we have performed using tunica-
mycin indicate that gypsy Env is glycosylated (data not
shown)). The presence of two peptides suggests that the
protein is processed in a manner similar to LD130 with a
certain fraction of the molecules cleaved at the furin site (48
kDa), whereas the rest are not (56 kDa) (Pearson et al.,
2002a) (see Fig. 2A). In Sf-9 and S2 cells, about 23% and
more than 60% of the protein was cleaved, respectively
(Fig. 1A, lanes 1 and 3). Changing the single amino acid
appeared to greatly reduce or eliminate cleavage (Fig. 1A,
lanes 2 and 4). In Sf-9 cells there was practically no
cleavage (<1%), whereas in S2 cells there was some
apparent cleavage (approximately 11.5%), although it was
significantly lower than the wt sequence. Extracts of control
S2 cells showed all the minor bands present in lane 4 with
the exception of the region near the cleaved product (not
shown). Therefore, we conclude that there is some limited
cleavage of this mutant protein. These data suggest that the
RIAR sequence is the cleavage site in gypsy Env and show
that alteration to AIAR substantially reduces or eliminates
cleavage depending on the cell type.
Investigations on gypsy Env cleavage and fusion peptide
sequences incorporated into LD130
To further investigate the gypsy Env cleavage and fusion
peptide motifs, we determined whether they could be
substituted for homologous sequences in the LD130 protein.
(LD130 is the envelope fusion protein of the Lymantria
dispar multiple nucleopolyhedrovirus (LdMNPV) (Pearson
et al., 2000).) The constructs we used are shown in Fig. 2C
and the relatedness of the gypsy fusion peptide to selected
NPV fusion peptides from baculoviruses lacking the gp64
fusion peptide gene is shown in Fig. 2D (also see Discus-f DmegypV Env with a wt (RIAR) and mutant (AIAR) cleavage site in Sf-9
105 S2 cells were loaded into each lane. Values for percent cleavage are
mark markers, Invitrogen) are shown on the left and the calculated sizes of
icted sizes (in kDa) of the cleavage products. (C) Map of insert region of
al peptide (SP), furin cleavage site (clear box), fusion peptide (FP) (speckled
ites are indicated by arrows.
Fig. 2. Comparison of fusion peptide sequences and characterization of
cleavage of hybrid constructs of LD130. (A) Western blot to characterize
cleavage of hybrid constructs transfected into Sf-9 cells. (For details see
legend Fig. 1). (B) Map of LD130-HA. This construct contains an HA
epitope tag at the 3Vend (Pearson et al., 2002b). Below the map are schematic
diagrams showing the predicted sizes of the cleaved and uncleaved peptides.
(C) Diagram showing the different combinations of cleavage and fusion
peptide sequences investigated. The two letter designations indicate the
source of the proteinase cleavage sequence followed by the source of the
fusion peptide sequence. The following abbreviations are used to indicate
the source: ld, ld130; se, se8; gp, gypsy; mt, mutant; mt/ld is from Pearson et
al. (2002a). (D) Alignment of the fusion peptide region from LD130 NPV
homologs that are likely to be functional fusion proteins. The underlined
amino acids in the DmegypV sequence are identical to the invariant NPV
amino acids. Sequences included are from: LdMNPV (Kuzio et al., 1999),
SeMNPV (Ijkel et al., 1999); Spodoptera litura (SpltMNPV, Pang et al.,
2001); Heliothus armigera (HaNPV, Chen et al., 2001), and Mamestra
configurata (MacoNPV, Li et al., 2002).
Fig. 3. Quantification of fusion of Sf-9 cells by ld130 mutants. The bars
indicate the percentage of fusion by the mutant relative to the wt LD130
fusion protein. The error bars represent the standard deviation from the
mean. Fusion was quantified as previously described (Pearson et al.,
2002a).
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site and the fusion peptide in the hybrid LD130 proteins are
indicated by abbreviations with the first indicating the furin
cleavage site followed by the fusion peptide as in ld/gp
which contains the LD130 cleavage site with a gypsy fusion
peptide. These constructs were transfected into Sf-9 cells.
Fig. 2A, lane 1 shows the wt ld/ld LD130-HA protein in a
Western blot using an anti-HA antibody. The upper band (73
kDa) is the full-length LD130 minus the signal sequence
and the lower band (55 kDa) is the C-terminal sequence that
has been cleaved just downstream of the furin cleavage site
(Pearson et al., 2002a). To ensure that the LD130 fusion
peptide could be substituted with a different sequence, we
tested an LD130 protein containing the SE-8 fusion peptide(ld/se) (Fig. 2A, lane 2) which has 14 of 21 amino acids
identical to LD130 (Fig. 2C). SE-8 is a homolog of LD130
from Spodoptera exigua MNPV and is also fusogenic (Ijkel
et al., 2000). We found that a construct with this combina-
tion resulted in cleavage similar (>70%) to wt LD130 (Fig.
2A, compare lanes 1 and 2). When we tested the ld/gp-
LD130 hybrid protein, we observed cleavage, but it was at a
reduced level (approximately 25%) suggesting that the
gypsy fusion peptide inhibited cleavage (Fig. 2, lane 3).
With the gp/gp construct, cleavage was reduced further to
approximately 10% (Fig. 2A, lane 4), indicating that the
gypsy cleavage site was not optimal in this system. When
we examined gp/se, cleavage was further reduced to about
6% (Fig. 2A, lane 5). In contrast, cleavage of a mutant
LD130 protein with an inactive cleavage site was not
detectable (Fig. 2A, lane 6). Therefore, although the gypsy
cleavage motif was not as efficient in the context of the
LD130 constructs as it was in gypsy Env, it supported
cleavage significantly above the levels of the LD130 mutant
cleavage site. We also examined the ability of these con-
structs to promote low-pH induced fusion in Sf-9 cells (Fig.
3). The ld/se construct was consistently more efficient at
fusing cells than the wt ld/ld construct (Fig. 3, compare
lanes 1 and 2). However, none of the other constructs
containing either the gypsy cleavage site or fusion peptide
showed significant levels of fusion (Fig. 3, columns 3–5).
Fig. 4. Low pH fusion by Ld130 in Drosophila S2 cells. The top
photographs show phase contrast micrographs of cells transfected with
pegfp or pLD130-egfp which is fusogenic in Sf-9 cells. After 72 h, the pH
was dropped to pH 5 and the cells were incubated overnight and then
photographed. Fluorescent micrographs are shown at the bottom. Fused
cells are indicated by arrows. Cells were transfected as follows: (A and B),
pLd130egfp; (C and D), pegfp.
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structs. In contrast to pLd130-egfp which fuses Sf-9 cells, L.
dispar cells (Pearson et al., 2000), and S2 cells (see below),Fig. 5. Localization of Gyp-Env-HA-EGFP to cell membranes of Sf-9 and S2 cells
determine the location of GYP-Env-HA-EGFP. Cells and transfecting plasmids a
transfected with pGypenv-HA-egfp; (C) Sf-9 cells transfected with pegfp (Pearson
smaller than Sf-9 cells).when pGypEnv-HA-egfp (Fig. 1C) was transfected into
either Sf-9 or S2 cells, there was no detectable low-pH
induced fusion (not shown). Also pGypEnv-HA (Fig. 1B)
showed no low-pH induced fusion in Sf-9 cells (not shown).
Low-pH induced fusion of Drosophila cells by LD130
The inability of LD130-gypsy-Env hybrid constructs to
mediate fusion could be because the assays were performed
using Sf-9 cells rather than a Drosophila cell line such as S2
which harbors the gypsy errantivirus (Avedisov and Ilyin,
1994). To investigate the possibility that there are major
differences between these two cell lines, we tested the
ability of the baculovirus envelope protein LD130 to act
as a fusion protein in Drosophila S2 cells. We transfected
cells with either a construct containing egfp fused to ld130
(pLd130-egfp), which we have previously shown is active
in fusing Sf-9 cells (Pearson et al., 2000), or a control
plasmid containing egfp alone (pegfp) (Pearson et al., 2000).
Seventy-two hours after transfection into S2 cells, the pH
was reduced to 5.0. The LD130-EGFP protein was able to
mediate fusion of Drosophila cells under low pH conditions
as indicated by the large multinucleate cells (see arrows in
Figs. 4A and B). In contrast, EGFP that was not fused to
LD130 did not cause cell fusion (Figs. 4C and D). These
results suggest that there are no major structural or physi-
ological constraints on the interaction of LD130 with
Drosophila cell membranes.
Localization of gypsy Env to membranes in transfected
insect cells
To determine if gypsy Env localizes to the cell membrane
of insect cells which would be a predicted feature of a virus
envelope protein, we transfected both S2 and Sf-9 cells with
a gypsy env-egfp construct (pGypEnv-HA-egfp, Fig. 1B).
Although the number of cells expressing this construct was. Cells were transfected with pGypenv-egfp and after 72 h were examined to
re as follows: (A) Sf-9 cells transfected with pGypenv-egfp; (B) S2 cells
et al., 2000). The magnification is the same on all panels (S2 cells are much
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fluorescence was present, it localized to the membrane of
both cell types and was organized in patches on the surface
of these cells (Figs. 5A and B). These results are similar to
reports showing that during oogenesis gypsy Env migrates
to the vicinity of the cell membrane of follicle cells in flies
carrying the flam mutation (Song et al., 1997). The gypsy
protein has also been found to localize to the cell membrane
of human 293 cells transfected with a plasmid expressing
gypsy env under the Drosophila heat shock promoter (Teys-
set et al., 1998).Discussion
Previous reports speculated that the gypsy Env cleavage
site was located at the RSRR sequence (amino acids #295–
298) (Song et al., 1994, 1997). Although this sequence
appears to be an optimal furin cleavage site, it is not
conserved in this location in other errantivirus Env proteins
(Malik et al., 2000). In addition, cleavage of our GYP-env-
HA construct at this site would result in a 21.5-kDa peptide
with a C-terminal HA tag. A product of this size was not
evident. In contrast, sequences similar to RIAR are con-
served in all the errantivirus Env proteins (Malik et al.,
2000; Terzian et al., 2001) and are in a homologous location
to the baculovirus cleavage site. When this predicted Dme-
gypV-Env furin cleavage motif starting at amino acid #92
was altered by a single amino acid from RIAR to AIAR,
cleavage was significantly reduced. This suggests that the
motif beginning at amino acid #92 is the protease cleavage
site of this protein. Additional proof for RIAR being a
cleavage site was demonstrated by the fact that cleavage was
maintained, although at a reduced level, when the gypsy
RIAR sequence was substituted for RRKR in LD130.
Although the functional conservation of this sequence
suggests that it may play a role in gypsy Env biology, we
found no evidence that the predicted gypsy Env fusion
peptide was able to substitute for the homologous sequence
in LD130 in a cell fusion assay. This is in contrast to the
fusion peptide sequence from SE-8 which was fully func-
tional in these assays when paired with the LD130 cleavage
site in the context of the LD130 sequence.
Evidence suggests that gypsy is infectious. This was
demonstrated by exposing D. melanogaster larvae to em-
bryonic extracts or virus-like-particles from strains carrying
a transpositionally active gypsy element (Kim et al., 1994;
Song et al., 1997). In addition, when the Moloney murine
leukemia virus was pseudotyped with gypsy Env, the pseu-
dotyped virus appeared to be capable of infectingDrosophila
cells (Teysset et al., 1998). This suggests that gypsy Env is
capable of mediating virus entry. However, the methods used
for these assays were indirect, and the data indicate that
gypsy is infectious at a very low level. The gypsy Env
sequence and the hybrid gypsy-LD130 fusion peptide
sequences that we investigated may have failed to fuse cellsfor several reasons. First of all, membrane fusion could have
occurred, but at such a low level that it was not detectable in
our assay. However, this low level might be enough to
provide gypsy viruses with a limited level of infectivity. It
is also possible that the expression levels in our assays may
not be sufficient to support fusion. Alternatively, the mem-
branes of the cells that we tested may not be compatible with
gypsy Env fusion, but gypsy Env may efficiently interact
with the membranes of different types of cells. We demon-
strated that LD130 is capable of fusing both Sf-9 and
Drosophila S2 cells, which suggests that the membrane
components of both cell types are able to interact with
LD130 resulting in fusion. However, this observation still
does not rule out that the interaction of gypsy Env is
substantially different from LD130 and may not be compat-
ible with either cell type. Also, the region of gypsy Env that
we substituted for the predicted fusion peptide of LD130
may not support fusion because it could be incompatible
with another region of the LD130 molecule that is critical for
fusion, for example, the transmembrane (TM) region.
The reported sequences of several nucleopolyhedrovirus
genomes lack the fusion protein gp64, and therefore likely
use LD130 homologs as their fusion proteins. Comparison
of the sequences of LD130 homologs from these viruses
indicates that 11 of the 21 amino acids in the predicted
fusion peptides are identical (Fig. 2D). In DmegypV Env, 6
of the 11 conserved NPV amino acids are present (under-
lined in Fig. 2D). Furthermore, of the NPV sequences that
would form a consensus for a functional NPV fusion
peptide, 10 of the 21 DmegypV Env amino acids match
this consensus sequence. However, based on our experi-
ments, this level of homology is not sufficient to cause
observable fusion in the context of LD130.
The stable integration of transposable elements and
endogenous retroviruses may seem to be an ideal mecha-
nism for perpetuation of these elements as they can then be
transmitted vertically through germ line cells with little
effect on the host. However, for those elements residing in
somatic cells, it has major disadvantages that might have
selected for the incorporation of the env gene. Because of
the finite life span of the host, integration within a host
somatic cell is a dead end, and the maintenance of at least a
limited infectious ability that an envelope fusion protein
might provide would be an advantage. Phylogenetic evi-
dence indicates that errantiviruses likely originated when a
LTR retrotransposon integrated into a baculovirus and
obtained an envelope fusion protein via DNA recombination
(Malik et al., 2000). The preservation of the env gene
through extensive evolution of the original errantivirus
suggests it provided a selective advantage, most likely by
allowing the element to be horizontally transferred to other
organisms through infection. Other evidence indicates that
there is an advantage to the horizontal transmission of these
elements. For example, an errantivirus was found integrated
into Trichoplusia ni genomic and baculovirus DNA (Miller
and Miller, 1982) and appears to have evolved a specific
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powerful baculovirus late promoter element into its long
terminal repeat such that late in baculovirus infection high
levels of genomic errantivirus RNA are produced when the
virus is integrated into the baculovirus genome (Friesen et
al., 1986). Therefore, baculovirus infection may trigger the
high level production of viral particles or may mobilize
transposition into other baculovirus genomes during what
would otherwise be a terminally lethal infection. The virus
would be released either as infectious virions or as provi-
ruses integrated into a baculovirus genome. The ability to
accompany the highly stable occluded baculovirus virions
out of the insect and the opportunity to enter other insects
using a baculovirus as a vector offer an attractive escape
mechanism. If the baculovirus is ingested by a non-permis-
sive host or if the integrated virus inactivates the ability of
the baculovirus to replicate, the errantivirus may still be able
to be transported and integrated into a new host that is
unaffected by the baculovirus. Therefore, while it may be of
benefit for errantiviruses to maintain a commensal relation-
ship with their host, under certain circumstances it is clearly
to their advantage to be able to escape and infect other
organisms. The preservation of the cleavage site on the
gypsy Env protein may be evidence that this protein con-
tinues to play such a role for these viruses.Materials and methods
Virus and cell lines
S. frugiperda (Sf-9) cells were cultured in SF900II media
(Gibco-BRL) as previously described (Harwood et al.,
1998). D. melanogaster S2 cells (Schneider, 1972) were
adapted to SF900II medium and grown like the Sf-9 cells.
Transfection
Log phase insect cells were seeded into 6-well plates at a
density of 9  105 per well for Sf-9 cells and 3  106 per
well for S2 cells. After incubation for 30 min to allow
attachment, the cells were transfected with 2 Ag plasmid
DNA using lipofection reagent prepared as described by
Campbell (1995) and according to the protocol described in
the Bac-to-Bac Baculovirus Expression Systems manual
(Invitrogen).
Envelope protein fusion assay
To test the ability of genes to express proteins that cause
membrane fusion at reduced pH, a protocol similar to that
described by Blissard and Wenz (1992) was employed.
Twenty-four to seventy-two hours after transfection, the
Sf900II medium, pH 6.0, was replaced with either fusion
or control medium (Graces Insect Medium (Invitrogen)
containing 10% FBS at pH 5 or 6, respectively). The cellswere observed 24 h after the pH shift. Fusion was quantified
as previously described (Pearson et al., 2002a).
Western blot analysis
To prepare cell extracts, transfected Sf-9 or S2 cells were
harvested using a rubber policeman and washed once in
phosphate-buffered saline, pH 7.4 (PBS, Sigma). The cells
from each well were resuspended in 50 Al of PBS and
disrupted by addition of 16 Al of 4 SDS-PAGE sample
buffer. After five rounds of freezing and thawing, the
samples were boiled for 5 min, cell debris was pelleted by
centrifugation in a microfuge at 13 000 rpm, and 5-
Al aliquots of the supernatants were electrophoresed through
10% SDS-polyacrylamide gels (Laemmli, 1970). Proteins
from the gels were electroblotted onto PDVF-Plus mem-
branes (Micron Separations Inc.) for 30 min at 10 V and
Western blot analyses were carried out as previously de-
scribed (Pearson et al., 2000). Monoclonal antibody (Mab)
to the HA.11 epitope (anti-HA) (Covance, Inc) was used at a
dilution of 1:1000. The second antibody (goat anti-rabbit
horse radish peroxidase (HRP)) (Promega) was used at a
dilution of 1:2500.
Cleavage was quantified by scanning Western blot bands
on a Molecular Dynamics Personal Densitometer SI and
analyzing the results using Image Quant 5.2 software.
Fluorescent microscopy
Fluorescent microscopy was performed using a Zeiss
Axiovert 35 microscope with 5 plan neofluor and 32/
0.40 phase 1 achrostigmat lenses, respectively. A standard
FITC filter was used. Pictures were taken with a Hamamatsu
C2400 SIT-camera. Images were generated using NIH
Image 1.60 and Adobe Photoshop 6.0 software.
Ld130: hybrid fusion peptide construction
The following constructs: pLd130-EGFP, pLd130-HA,
and the proteinase cleavage site mutant RRKR->AAKR
(Fig. 2C) are described in Pearson et al. (2000, 2002a,b),
respectively. The substitution mutants were produced as
follows: pLd130HA (1.7 Ag) was digested with two
enzymes (MscI and PpuMI) (NEB) that remove a 109/112
nt region that brackets the conserved fusion peptide region
(see Fig. 2B). The first digestion was with MscI. Complete
digestion did not appear to occur after an overnight diges-
tion with 48 A of MscI in a reaction volume of about 60 Al.
The linear plasmid was gel purified (Qiaquick, Qiagen) and
then digested with 8 A of PpuMI overnight and the linear
plasmid was gel purified again and resuspended in 50 Al TE
(10 mM Tris, 1 mM EDTA, pH 8.0). Each insert was
prepared by the ligation of four 5Vphosphorylated oligonu-
cleotides (custom synthesis by Invitrogen, Inc.) and treated
as follows: after suspension at 1 Ag/ml in H2O, 300 pm of
each oligomer was added to an annealing reaction contain-
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total volume of 50 Al. Annealing was accomplished using a
program that heated the solution to 90 jC for 2 min and then
dropped the temperature 1j every 30 s for 59 cycles. One
microliter of this annealed mix was then mixed with the
double-digested plasmid, ligated, and then transfected into
DH5a cells.
The oligomers were designed using the most prevalent
AcMNPV polyhedrin codons and the Ld130 sequence was
altered such that an additional SacI site was incorporated
that did not alter the translated sequence. This resulted in the
reduction of a SacI fragment from 1840 to 1730 bp in
plasmids containing the insert. After screening with SacI,
the presumptive recombinants were further screened with
NruI/XhoI which produced a fragment of 695 in the plas-
mids with the insert vs. 582 bp in plasmids that self-ligated
with no insert. Selected plasmids were sequenced to confirm
that the correct insert was present. Constructs containing the
se-8 sequence were screened using the natural SalI site
within the inserted region which resulted in an additional
SalI fragment of 587 bp.
The following oligomers were used for the constructs
diagrammed in Fig. 2C. The restriction sites are underlined.
(a) ld130-1 GACCCGTTGGCGCCGCGGCGCAAACGA
(b) ld130-3r CCAGGTCGTGGAGCTCGCGCGCGTC
(c) se8-1 GGCCTGTTCAACTTCATGGGACACGTCGA-
CAAGTATCTGTTCGGCATCATGGACAGCGAC-
GACGCGCGCGAGCTCCACGACCTGG
(d) se8-2r GTCGCTGTCCATGATGCCGAACAGA-
TACTTGTCGACGTGTCCCATGAAGTTGAA-
CAGGCCTCGTTTGCGCCGCGGCGCCAACGG
(e) DmegypV-1 AGCCTCGACTTCCTCGGCACCGCTC-
TCAAGGTGGTGGCTGGCACCCCCGACGCTACC-
GACGCGCGCGAGCTCCACGACCTGG
(f) DmegypV-2r GGTAGCGTCGGGGGTGCCAGCCAC-
CACCTTGAGAGCGGTGCCGAGGAAGTC-
GAGGCTTCGTTTGCGCCGCGGCGCCAACGG
(g) dmgyp3 GACCCGTTGGCGCCGCGGATCGCACGA.
The following combinations were used for the constructs
diagrammed in Fig. 2C. (Note that some of the combina-
tions (e.g., gp/gp and gp/se) involved mismatches and the
correct sequence was identified by sequencing). The numb-
ers indicate the clones used.
ld/se (#49) a, b, c, d.
ld/gp (#7) a, b, e, f.
gp/gp (#114) g, b, e, f.
gp/se (#146) g, b, c, d.
Construction of pGypV-env-HA-egfp
The gypsy env orf was amplified by PCR using HiFi taq
polymerase (Invitrogen) from pDM111 (Bayev et al., 1984).
The primers were designed to reflect the gypsy env splicingpattern (Avedisov and Ilyin, 1994) and incorporated NcoI
sites at the initial ATG and just downstream of the HA
epitope. The primers used were the following with the NcoI
site underlined.
Dmgypenv-5b CCATGGGGTTCACCCTCATGATGTT-
CATAC
Dmgypenv-3+HA TCATCCCATGG CGTAATCTGG-
GACGTCGTAGGGGTAGTTGTTAACTACTCCC-
CCCTCAAG.
The gypenv-HA insert was cloned into a Topo 2.1
vector (Invitrogen) and sequenced. The sequence of one
called gyp3 was identical to that from the Drosophila
genome sequence (Adams et al., 2000) and differed with a
C replacing a T at nt 6128 in the published sequence
(Marlor et al., 1986). This difference causes a Val!Ala
change. The insert was removed with NcoI and cloned into
an NcoI cut egfp vector called pIE1pro-egfp (Pearson et
al., 2000) and then screened for the correct orientation.
The correct clone contains the gypsy env reading frame
fused to ha and egfp and expressed from the AcMNPV
ie-1 promoter (Fig. 1C).
Construction of pGypV-env-HA
The env orf was amplified by PCR using HiFi taq
polymerase (Invitrogen) from the Topo 2.1 gyp 3 clone
described above using the same primer (Dmgypenv-5b)
shown above and a 3Vprimer that inserted an HA epitope,
a stop codon, and an NcoI site in place of the native stop
codon. The primer sequences are as follows: Dmgypenv-5b
(see above) and Dmgypenv-3b+HA CCCATGG TCAG-
TAATCTGGGACGTCGTAGGGGTA. The PCR product
was processed as above and the correct insert was removed
with NcoI and cloned into pLD130FL (Pearson et al., 2000)
digested with NcoI and a plasmid with the insert in the
correct orientation was identified. This yielded a construct
with the gyp-env-ha gene fusion expressed from the
AcMNPV ie-1 promoter and employing the Ld130 3Vpro-
cessing signal (Fig. 1B).
Mutagenesis of the predicted DmgypVEnv-HA furin
cleavage site
Mutagenesis was based on the insertion of mutant
oligomers into NdeI and XbaI sites that flank the targeted
region (Fig. 1B). XbaI is unique to the plasmid, whereas
there was an additional NdeI site downstream of the gyp-env
orf. The plasmid was partially digested with NdeI, the linear,
single cut fraction was gel purified and digested to comple-
tion with XbaI, and gel purified. Four 5V phosphorylated
oligomers were used that converted the RIAR sequence to
AIAR and changed an A to a C at nt 222 to create an XhoI
site for screening. This change did not alter the amino acid
sequence. The oligomers were annealed and inserted into
M.N. Pearson, G.F. Rohrmann / Virology 322 (2004) 61–6868the plasmid as described above. The oligomers are as
follows:
gypenvRIAR!AIAR.1 TATGCGTAAGTTGCTCGAG
GTCGATACTGACCATCTTAGAACCTTGTT-
GTCCGTT
gypenvRIAR!AIAR.2c GATGGTCAGTATCGAC-
CTCGAGCAACTTACGCA
gypenvRIAR!AIAR.3 CTCAAAGTCCACCATgcGA-
TAGCTAGGAGT
gypenvRIAR!AIAR.4c CTAGACTCCTAGCTATCG-
CATGGTGGACTTTGAGAACGGACAACAA-
GGTTCTAA.Acknowledgments
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